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doi:10.1016/j.jmu.2011.08.005Compression ultrasound (CUS) is being used by an increasing number of emergency physicians
for patients with suspected symptomatic deep venous thrombosis (DVT). Both the two-point
and three-point CUS examinations are used with excellent sensitivity to rule out DVT. This
technique has some limitations: distal DVTs are difficult to detect, and therefore a second
examination is required about 1 week later to look for proximal progression of thrombosis.
Furthermore, the superficial veins of the lower limbs are not routinely visualized when CUS
examination is performed in the emergency department. Superficial vein thrombosis is
common and has long been considered as a benign disease, however, this concept has been
challenged. Superficial vein thrombosis can extend into the deep vein system and cause either
DVT or pulmonary embolism.
At our institutions, we have developed a modified CUS examination for the lower limbs,
which we have called extended CUS, because it explores both the proximal deep veins and
superficial veins.
In this article, we describe this examination technique.
ª 2011, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine.
Open access under CC BY-NC-ND license.ail.com (A. Barillari).
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The management of patients presenting to hospital emer-
gency departments (EDs) with suspected deep venous
thrombosis (DVT) is sometimes problematic when patients
present outside regular hospital staff working hours,
because diagnostic imaging capability is usually not imme-
diately available.
Symptoms and signs of DVT are nonspecific and found in
a wide variety of nonthrombotic disorders, therefore,
timely diagnostic testing must be performed to identify
correctly patients with this condition [1].
Physical examination is a poor predictor of the presence
of DVT. Traditional physical examination findings such as
Homan’s sign, the presence of a swollen erythematous leg,
and calf tenderness have sensitivities no better than a coin
toss [2].
Compression ultrasound (CUS) venous imaging is the
most accurate noninvasive test for the diagnosis of DVT. In
the medical literature, two modalities of this technique
have been described [3]. In two-point CUS, the ability of
the ultrasound probe to compress the common femoral vein
(CFV) and popliteal vein (PV) is assessed by using B-mode
imaging. Normal veins are easily compressible, whereas
those containing thrombi are not. If both the CFV and PV
are compressible, the examination is considered negative
[4,5]. CUS for DVT of the lower limbs also consists of
a three-point examination of the CFV, the femoral vein (FV)
e previously called the superficial femoral vein, and the PV.
Several studies have shown that omitting the FV and eval-
uating only the CFV and PV can lead to a decrease in
sensitivity because isolated thrombosis of the FV occurs in
4e6% of cases [6].
Although duplex ultrasound continues to be widely used
by radiology and vascular departments to evaluate prox-
imal DVT, the early literature clearly demonstrates that
limited CUS examination of symptomatic ambulatory
patients when performed by expert sonographers is highly
accurate in confirming or excluding the diagnosis. This
technique, when compared to venography, has proven to
be 100% sensitive and 99% specific for the diagnosis of
proximal DVT [4]. With CUS, compressibility is evaluated in
the transverse view. The entire proximal deep venous
system between the proximal CFV and the trifurcation of
the PV in the calf is evaluated for compressibility at 1-cm
intervals. Ultrasonography results are considered
abnormal if a vein or venous system is not fully compress-
ible [3e6]. However, the limited CUS modalities, either the
2-point or 3-point techniques, do not include the superficial
venous system of the lower limbs, therefore excluding an
important source of systemic emboli. Superficial venous
thrombosis (SVT) of the lower limbs is common, with an
annual incidence estimated to be higher, although never
properly investigated, than that of DVT, which exceeds 1
per 1000 persons. SVT of the greater saphenous vein (GSV)
has been shown to be associated with an unexpectedly high
risk of venous thromboembolic complications, that is,
extension to the CFV, noncontinuous DVT, and pulmonary
embolism (PE) [7]. The decision to treat SVT actively is
prompted mainly because of potential extension into the
deep venous system and further embolization into the
pulmonary circulation [8].At our institutions, we have developed a modified CUS
examination for the lower limbs, which we have called
extended CUS (e-CUS), because it explores both the prox-
imal deep veins and superficial veins. In this article, we
describe this examination technique.
Examination technique
The e-CUS modality of lower limb investigation has been
developed and used at our institutions since 2006 by two
expert sonographers (AB and GB). It consists of a three-point
CUS examination of the proximal deep leg veins, extended
to the GSV and lesser saphenous vein (LSV). It is a very
simple and reliable examination that allows us to confirm or
exclude DVT and SVT, using vein noncompressibility as the
standard criterion to diagnose thrombosis.
The patient is placed in the supine position with the
symptomatic leg externally rotated. The deep and the
superficial vein systems of both legs are investigated with
a 5- or 7.5-MHz linear array transducer. The compressibility
in the transverse plane of the vein is assessed by simply
pressing on the vessel at 1-cm intervals with the transducer
probe, while observing changes in the caliber of the vein on
the video monitor. Failure to compress the lumen of the
vein during compression with the probe is the sole criterion
for the presence of vein thrombosis [9e11].
For the assessment of the proximal deep venous system,
the CFV, FV and PV of the symptomatic leg are scanned. The
examination is begun, in transverse view, at the level of the
inguinal crease where the CFV is identified and followed
until it branches into the deep femoral and FV (Fig. 1). The
FV is followed until it deepens into the adductor canal at
the medial lower third of the thigh (Fig. 2).
The PV is examined with any of the following
approaches: the patient in the supine position with the
knee slightly flexed and externally rotated; the decubitus
position; the prone position; or with the patient seated on
the examination table, with the leg in a dependent position
off the table (Fig. 3). The PV is identified as superficial and
lateral to the popliteal artery [12].
For assessment of the GSV and LSV, the procedure of
compressibility at 1-cm intervals is extended from the
saphenousefemoral and saphenousepopliteal junctions,
respectively, distally along the veins [5]. The GSV is explored
from the level of the saphenousefemoral ligament, just
below the inguinal crease, along the medial surface of the
leg until the medial malleolus (Fig. 4). The LSV is followed
from the saphenousepopliteal junction, on the posterior
surface of the calf, distally to the Achilles tendon (Fig. 5).
This technique, in our experience, can be performed in
a quick and accurate manner as the standard CUS exami-
nation, and is easily reproducible and broadly available. Its
major limitation is the need to repeat the test after one
week in symptomatic patients with normal findings at
presentation to detect calf DVT extending to the proximal
veins [1,9].
Discussion
In the ED, patients with suspected DVT are stratified with
pre-test probability scores, and the disease is ruled in or
Fig. 1 (A) The examination starts below the inguinal crease
to detect the CFV. The vein is scanned with the probe in the
transverse position. (B) Normal finding of compressibility of
the CFV. (C) Noncompressibility (thrombosis) of the CFV.
CFVZ common femoral vein.
Fig. 2 (A) The FV is followed until it deepens into the
adductor canal. (B) Normal finding of compressibility of the FV.
(C) Noncompressibility (thrombosis) of the FV. FVZ femoral
vein.
Extended Compression Ultrasound 105out with D-dimer testing and CUS. It has been repeatedly
demonstrated that the diagnosis of DVT on the basis of
clinical signs and symptoms in outpatients is unreliable. For
ED patients with unexplained lower extremity pain and
swelling, the current diagnostic state of the art is to obtaina lower extremity CUS examination to exclude DVT before
patient disposition. The role of ultrasound in the ED has
grown to include the diagnosis of DVT.
In the CUS technique, noncompressibility of a segment
of the deep venous system is the sole criterion for diagnosis
Fig. 3 (A) The PV is identified as superficial to the popliteal
artery. The patient may lie supine or prone. (B) Normal finding
of compressibility of the PV. (C) Noncompressibility (throm-
bosis) of the PV. PVZ popliteal vein.
Fig. 4 (A) The GSV followed on the medial aspect of the leg,
from the inguinal crease to the medial malleolus. (B) Normal
finding of compressibility of the GSV. (C) Noncompressibility
(thrombosis) of the GSV. GSVZ greater saphenous vein.
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diagnosis of DVT involving the proximal leg veins [13e16].
Little is known about SVT: there are no validated risk
scores, D-dimer testing is unreliable, and CUS of the GSV
and LSV is not routinely performed in the ED [6]. SVT of thelower limbs is perceived as trivial and benign, but coexis-
tence of DVT, propagation to popliteal or femoral DVT, and
even PE have been reported [12]. It may be associated with
hypercoagulability due to systemic disorders or neoplastic
disease, and it may cause PE, progress to other veins and to
the deep system, causing DVT [17]. Studies suggest that the
frequency of association between SVT and DVT ranges from
Fig. 5 (A) The LSV is scanned on the posterior surface of the
calf, from the popliteal area to the lower third of the calf. (B)
Normal finding of compressibility of the LSV. (C) Non-
compressibility (thrombosis) of the LSV. LSVZ lesser saphe-
nous vein.
Extended Compression Ultrasound 1073% to 40%. Furthermore, scintigraphic data have revealed
asymptomatic embolism in at least one-third of patients
with SVT [6,8,18]. Contrast venography, the reference
method for DVT, is not indicated in suspected SVT. It doesnot visualize the superficial venous system of the lower
limbs, therefore, only duplex ultrasonography is used in
vascular clinics for leg vein scanning [6].
Being aware of the complications and underestimation
of the clinical relevance of SVT, we have widened the use of
the CUS technique to the superficial venous system and
have named this examination e-CUS. The e-CUS examina-
tion couples the compression technique to evaluate the
proximal deep veins and the superficial venous system: the
deep venous system scanned comprises the CFV, FV and PV,
whereas the superficial venous system includes the GSV and
LSV. We termed this examination “extended” because the
term CUS refers only to the limited examination of the
proximal deep veins, therefore overlooking an important
source of systemic emboli. To the best of our knowledge,
this extended technique has been used so far only by two
authors of the present article, who are experienced
sonographers. e-CUS can be performed rapidly and without
the need for special equipment, provided that the study is
restricted to the proximal and superficial venous system.
The inability to compress completely the vein lumen is the
principal criterion for the diagnosis of DVT and SVT [15]. We
believe that the e-CUS examination should become an
ordinary tool for emergency physicians (EPs) to evaluate
the superficial and deep venous systems of the legs, but so
far there are few data on CUS performance by EPs. Kline
et al have reported that EP-performed CUS has potential
clinical utility, although they have found that EP-performed
CUS by a group of providers with limited training in this
technique has intermediate diagnostic accuracy [19].
CUS as well as e-CUS still have some limitations: they
are unable to detect isolated thrombi in the iliac vein and
in the FV segment within the adductor canal. However,
several studies have demonstrated that such isolated
proximal thrombi are extremely rare in symptomatic
outpatients, and therefore the test must be repeated after
one week in symptomatic patients with normal findings at
presentation, to detect calf DVT extending to the proximal
veins (serial ultrasonography) [8].
Here, we have described an examination technique that,
to the best of our knowledge, has not been widely used in
the ED to date. The authors hope that this examination may
become an important diagnostic tool for EPs. To confirm or
refute the clinical utility of this approach, widespread use
and further clinical studies should be conducted in ED
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